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RgMAR CS/ARGUMENTS 



Reconsideration Is requested. C laims 1-16, 18 and 20-25 are pending. 



I. THE 35 U.S.C. 6112. SECOND 



PARAGRAPH. lIlEJECTION 



Claims 1-25 are rejected under 05 U.S.C. 112. second paragraph, as allegedly 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. Thu action asserts hat it is not dear what Is meant 
by "an analog or derivative", and that in the absence of any way of clearly and distinctly 
defining the boundaries of this class of compounds, the claims are Indefinite. The 
rejection is respectfully traversed. 

Beginning on page 21 of the specification, thereiare provided definitions of 
terminology used in the specification and claims. The ierm "acyl derivative" is clearly 



defined at page 21 , second complete 
entire text on page 22. Based on this, 



jaragraph, and the temn "analog" is defined by the 
the claims are dlearly not Indefinite. Withdrawal 



of the rejection is respectfully requestod 



II. THE 35 U.S.C. S112. FIRST R^ R^^RAPH. REJECTIONS 



Claims 1-25 are rejected undei 
specification, while being enabling for 
toxicity of a pyrimidine analog, allegeijjiy 
preventing said toxicity. In response 
"preventing" has been canceled withcjut 
rejection Is respectfully requested. 



PAGE9/3fl'RCTDAT9l28l2()088:45:13ra[EasteniDayfighlTimel*Sffl^^^^ 



35 U.S.C. §1 12i first paragraph, because the 
a method of treating, reducing, or ameliorating the 

does not reasonably provide enablement for 
without conceding to this rejection, the term 
prejudice from claim 1 . Withdrawal of the 
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am 



re 



in 



Claims 18, 20, 22. 24, and 25 
because the specification, while being 
uridine phosphorylase inhibitors, cytidi 
Inhibitors, enhancers of hematopoiesis 
of nucleosides, such as those redted i 
not reasonably provide enablement for 
compounds of these types. In responsje 
18 has been amended to incorporate 
been canceled without prejudice 
to deoxycytidine, and claims 22, 24 
which Is not rejected on lack of 
respectfully requested. 



tiie 



Claim 



and 



enable Tient 



rejected under 35 U.S.C. §112, first paragraph, 
Enabling for methods involving certain specific 
deaminase inhibitors, nucleoside transport 
and enhancers of uptake and phosphorylation 
instant claims 19, 21 , and 23, allegedly does 
methods involving administering all possible 
, and without conceding to this rejection, claim 
subject matter of claim 19 and claim 19 has 
20 has been amended to remove the reference 
25 are each directly dependent on claim 1 
grounds. Withdrawal of the rejection is 



III. THE QBVlOUS Mg^? REJECTIONS 



Claims 1-5, 8, 10 and 1 1 are 
unpatentable over Kawaguchl etal. '1 
equivalent to PCT publication 
asserts that Kawaguchi '139 disclose^ 
specifically an acylated 5-fluoro-2' 
compound shows strong antitumor 
improved therapeutic index over the 
2 lines 39-48). The Action asserts 
method whereby these acylated 



rejected 



under 35 U.S.C. §1 03(a) as allegedly 
39 (US patent 4,757,139, cited In PTO-892) or the 

, publlshediFeb. 14. 1985). The Action 
an acylated pyrimidine nucleoside analog, 
idine (column 2 lines 15-38), and that this 
even in low doses and has a markedly 
lj>arent compound 5-fluoro-2'-deoxyuridine (column 
while Kawaguchi '139 does not disclose a 

are substituted for 5-fiuoro-2'-deoxyuridine 
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activity 
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in order to prevent or treat toxicity due 



obvious to one of ordinary skill in the a 1 at the time of the invention to prevent or treat 



toxicity due to 5-fiuoro-2'-deoxyur[dine 
Kawaguchi M39 Instead of unmodified 
respectfully traversed. 

As now claimed, the method of 
toxicity due to a pyrimidine nucleoside 



by administering the controlled release esters of 
5-fluoro-2'-deoxyuridine. This rejection is 



0 this compound, it would allegedly have been 



he Invention is directed to a method for treating 
analog comprising administering to an animai a 
pharmaceuticaily effective amount of a|n acylated derivative of uridine or cytidine, for 
example triacetyiuridine, Kawaguchi 39 does not disclose or suggest the use of 
acylated compounds of uridine and cy idine (naturally dccurring nucleosides - see page 
21 of the application) in order to preve it or treat toxicitij^ due to 5-fluoro-2""deoxyurldine. 
The disclosure in Kawaguchi '139 of a i acylated 5-flucro-2'-deoxyuridine clearly would 
not have motivated one of ordinary sitill to use an aoyldted derivative of uridine or 

i 

cytidine for treating toxicity due to a pyrimidine nucleoside analog. Withdrawal of this 

i 

rejection is respectfully requested. 

Claims 1-5, 8, 10, 11 and 17 ars rejected under 35 U.S.C. §1 03(a) as allegedly 
unpatentable over Talcai et al. (Foreign Patent JP-560-1 26221 , reference Included with 
PTO-892). The Action asserts that Te l<ai discloses an antitumor composition 
comprising 5-fluoro-2'-deoxyurldine (1) and a thymidine compound that can be an 
acylated thymidine (abstract, also p. 140). While Taical does not disclose a method 
whereby the acylated pyrimidine nucitjoside is non-methylated (i.e. uridine), the Action 
asserts that It would have been obvious to one of ordir*iary sitlll in the art at the time of 
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the invention to substitute acylated uridine for acylated thymidine in tine methods of 
Takai. The rejection is respectfully traversed. 

Takal discloses thymidine derivatives or prodrug$ for reducing toxicity of 5-fiuoro- 
2'-deoxyuridlne prodrugs. Fluorodeoxyuridine and fluouracil (to which a good fraction of 
administered fluorodeoxyuridine is con\rerted) are cytotoxic against both tumors and 
normal cells via two major mechanismsi of action. 

1 . Inhibition of thymidylate synthase by fluorodec^xyuridine monophosphate 
(FdUMP). 

Inhibition of this enzyme starves ceils of thymidine for DNA synthesis. Relatively 
low doses of fluorouracil or fiuorodeoxioiridine are suffijjient to inhibit this enzyme. 
Thymidine or thymidine prodrugs can leverse toxicity caused via this mechanism, 
which, however, can reduce antitumor efficacy. 

2, Incorporation of fluorouracil into RNA. 

When a large dose of fluorouracil (or fluorodeoxyuridine) is administered, It can 
be converted to fluorouracil triphosphsite (FUTP) which can substitute for UTP for RNA 
synthesis. This mechanism is especlJilly Important forbxicity of bolus doses of 
fluorouracil, and accounts for the somatimea lethal toxicity of fluorouracil overdoses. 

However, there as important diferences with regard to thymidine or thymidine 
prodrugs and uridine or uridine prodri gs. Rrst, thymic^ine or thymidine prodrugs are 
Ineffective against this mechanism of toxicity involving! RNA, whereas uridine or 
compounds that are converted to uridine in vivo (uridine or cytidine prodrugs, for 
example - cytidine is readily converted to uridine) can Ireduce this toxicity if administered 
within about 48 houre or so after an <^herwise toxic or lethal dose of fluorouracil. 
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Secondly, thymidine Is not incorporated 



into BNA and, therefore, cannot reduce toxicity 



due to FUTP incorporation into RNA. Cm the other hand, uridine does not reverse 
thymidylate synthase inhibition by FdUF/IP. 

It is been observed that intentior al administratiorj of high-dose fluorouracil 
followed by oral triacetyluridins results n selective protection of normal tissues with 
enhanced antitumor efficacy (Saif and von Borstel. 200f - copy attached). However, 
this strategy does not work with thymid ne (or thymldlnei prodrugs) as the rescue agent. 
The attached paper by Klubes and Cerna (1983) demohstrates that uridine but not 
thymidine (dThy) reverses toxicity of high doses of 5FU-. Klubes and Cerna did not 
however address or solve the problem of uridine deiiveiy to humans, which is solved by 
use of oral triacetyluridine (and other acyl derivatives of cytidine and uridine). 

Based on the above, it is clear tiat one of ordinary skill would not have been 
motivated to arrive at the present invention based on the Takai disclosure of a 5-fluoro- 
2'-deoxyuridine/acylated thymidine composition. Withdrawal of this rejection is 
requested. 

The obviousness rejection of claims 18 and 19 cinder 35 U.S.C. §103(a) as 
allegedly unpatentable over Kawaguclii '139 and further in view of Chu etal. and the 
obviousness rejection of claims 1 8 an. i 1 9 under 35 U.iS.C. §1 03(a) as allegedly 
unpatentable over Takai In view of Chu are traversed for the same reasons as urged 
above in regard to Kawaguchi '1 39 ar d Takai, Dependent claims 1 8 and 1 9 have been 
combined, and claim 19 has been canceled without prisjudice. Chu does not cure the 
underiying defrciencies of Kawaguchi and Takai as discussed above. Withdrawal of 
these rejections is respectfully requested. 
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Claims 1-6, 8, and 10-12 are rej«!Cted under 35 U.S.C. §1 03(a) as allegedly 
unpatentable over Kawaguchi etah '162 (US patent 4,868,162). While Kawaguchi '162 
discloses an acylated 5-halo-2'-deoxyu|'idlne, such as f liioro-, chloro-, or bromo- 

method whereby these acylated compounds are 
In order to prevent or treat toxicity due to 5- 



fluoro-2'-deoxyuridine. This rejection iti traversed for Ihe same reasons urged above in 



he claims over Kawaguchi '139. Thus, the 

i 

ing toxicity due to a pyrimidine nucleoside 
analog by administering a pharmaceut cally effective arbount of an acylated derivative of 
uridine or cytldlne. Kawaguchi '162 dees not disclose 6r suggest the use of acylated 

urally occurring 'nucleosides) for treating toxicity 
due to 5-fluoro-2'-d60xyuridine. The skilled artisan woipld not have been motivated by 

the Kawaguchi '162 disclosure of an acylated S-haIo-2':"deoxyur[dlne to use an acylated 

i 

derivative of uridine or cytidine for tree ting pyrimidine rjucleoside analog-induced 

I 

toxicity. Withdrawal of this rejection Is respectfully requested 



IV. HQ^BLg PATENTING 

Claims 1-10 and 14-25 are rejected 
type double patenting as allegedly 



5,968,914 (the '914 patent). This reje ction Is traversed 



A patent issuing on an applica 
restriction under this section ' 
a result of such a requirement, 
the Patent and Trademark Off 
application or against the orii 



on the groilnd of nonstatutory obviousness- 

i 

unaatentable over claims 1-23 of U.S. Patent No. 



ion with respect ito which a requirement for 
h^s been made, or on an application filed as 
shall not be used as a reference either In 
ce or in the courts against a divisional 
application or any patent issued on 



rigiial 
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1995) which is a continuation-in-part of 
application). During prosecution of the 
restriction among the claims (Office Ac 
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either of them, if the divisional application is filed before the issuance of 
the patent on the other appllcatic m . 

35U.S.C. 121. 

The '914 patent issued from application Serial Nd. 08/472,210 (filed on June 7, 

f application Serial No. 08/176,485 (the '485 
! '485 application; Examiner Kunz required 
lion mailed June! 28, 1994 in the '485 
application). He found there were thres distinct inventions: Group I (claims 1-25 drawn 
to methods for preventing or treating W e toxicity caused by pyrlmldine nucleosides). 
Group II (claims 27-47 drawn to methods for treating c4ncer), and Group III (claims 75- 

I |>yrimidine nucleejisides and a chemotherapeutic 
: (ire drawn to methods for treating cancer. 
' sional of the '48^ application filed before the 
Issuance of the '914 patent. The pencing claims are dj-awn to methods for preventing or 
treating the toxicity caused by pyrimld ne nucleosides. \ Therefore, 35 U.S.C. § 121 
prohibits using the '914 patent as a re erence against this application. 

Moreover, the restriction requirement In the parent '485 application is evidence 
that the ponding claims 1 -25 are patentable over clainris 1 -26 of the '914 patent because 
methods for preventing or treating the toxicity caused by pyrimidine nucleosides (i.e., 
the invention claimed in this appllcatic n) are distinct frpm methods for treating cancer 



87 drawn to compositions of aoylated 
agent). The claims of the '914 patent 
The present application Is a div 



(i.e., the invention claimed in the "914 



. patent). Withdriwal of this rejection is requested. 
Claims 1-5 and 8-1 1 are reject sd on the ground of nonstatutory obviousness-type 
double patenting as allegedly unpatentable over ciaim;s 3, 4, and 8 of U.S. Patent No. 
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6,743,782. In response, with the limitai 



6,103,701. This rejection is traversed. 
The Action asserts that claims 1 



i! ion to the use of I an acylated derivative of uridine 
or cytidine for the treatment of toxicity c ue to a pyrimidlr^e nucleoside analog, it is clear 
that there is no overiap with claims 3, 4, and 8 of U.S. Patent No. 6,743,782. 
Withdrawal of this rejection is requests :1. 

Claims 1-5 and 8-1 1 are rejectei on the ground of nonstatutory obviousness-type 
double patenting as allegedly unpatentable over claims; 1 , 4, and 5 of U.S. Patent No. 



i'701 patent are directed to 



.4, andsofthei 

methods for delivering exogenous deoxyribonucieosides to a subject (e.g. an animal) by 
administering an acylated non-methyie.ted pyrimidine. Applicants disagree. Claims 1, 4 
and 5 of the 701 patent claims a method of enhancing Ihematopoiesis in an animal in 

this rejection is! requested. 
Claims 1-5 and 8-11 are reject€<l on the groundjof nonstatutory obviousness-type 
double patenting as allegedly unpatentable over olaimf 9-12 and 22-25 of U.S. Patent 

imHation to the lise of an acylated derivative of 
toxicity due to a|pyrimidine nucleoside analog, it 



No. 6,305,834. In response, with the 
uridine or cytidine for the treatment of 



is clear that there is no overlap with claims 9-12 and 22-25 of U.S. Patent No. 
6,306,834. Withdrawal of this rejection is requested. ; 

Claims 1-5 and 8-1 1 are rejected on the grouncj of nonstatutory obviousness-type 
double patenting as allegedly unpatentable over clalm> 1-1 1 of U.S. Patent No. 
6348451 . Without conceding to this rejection. Applicants will consider the submission of 
a Terminal Disclaimer when the claims are othenwise in allowable condition. 
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directed to methods for treating cance 



by pyrlmidlne nucleoside analogs are 
cancer. Accordingly, the claims of tho 
patent are patentably distinct. Withdrawal of this rejection is requested 
Favorable action is requested 
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Claims 1-5, 8-1 1 , and 14 are reje cted on the ground of nonstatutory 
obviousness-type double patenting as siilegedly unpaterjtabio over claims 1-7 of U.S. 
Patent No. 6,329,350. This rejection Is traversed. | 

As noted above, the present application is a divis'ional of U.S. Application No. 
08/176,485 (the '485 application), now U.S. Patent No. ^,736,531 (the '531 patent). 
The claims of the '485 application were restricted (Junei28, 1994) among three 
inventions: Group I (drawn to methods for preventing oij treating the toxicity caused by 
pyrimidine nucleosides). Group II (dravm to methods foi- treating cancer) and Group III 
(drawn to compositions of acylated pyrimidine nucleosijjes and a chemotherapeutic 
agent). The subject matter of Group I s being pursued! In the present application. The 
subject matter of Group II is claimed in U.S. patent 5,9^8,914 and U.S. patent 
6,344,447, and the subject matter of G roup III Is claimed in U.S. patent 5,738,531 . The 

I ication is evidence that methods for preventing or 
! nucleoside anai<j)g8 are patentably distinct over: 



restriction requirement in the '485 app 
treating the toxicity caused pyrimidine 
(1) methods for treating cancer; and (i) compositions. |The claims of the '350 patent are 



r. As seen from jthe restriction requirement in the 



'485 application (discussed above), methods for preventing or treating toxicity caused 



patentably distir^t from methods for treating 
subject application and the claims of the '350 
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901 North Glebe Road, 11th Floor 
Arlington, VA 222030-1808 
Telephone: (703) 816-4000 
Facsimile: (703) 816-4100 
Attachments: Saif and von Borstal. 



2005; Klubes and derna (1983) 



Respectfully s'ubmitted, 
NIXON & VANDERHYE P.C. 



By: 
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CLINMCAL TKIAK RUI.-^QRT 



Muhammad Wasif Saif • Reid von Borstel 

5-Huorouracil dose escalation enabled with ^N401 (triacetyluridine): 
toxicity reduction and increased antitumor abtivHy in mice 



Received: 3 August 2005/ Accepted: 2 September 2005 
© Springer- Verlag 2005 



useful 



FIJ 



Abstract Purpose: PN401. an oral prodrug of 
yields more bioavailablc uridine than oral 
tion of uridine itself. PN401 may therefore be 
permitting dose escalation of 5-fluorouracil (S-FU^i 
consequent improvements in antittjmor efficacy. 
mental design: Female BALB/c mice (Colon 26 
carcinoma) were treated with 5-FU with P> 
define the MTD, and pharmacokinetic analyses 
done. A comparison of 5-FU/PN401 was made to ' 
eniluracil (EU) and 5-FU/LV. The best timing 
first dose of PN401 relative to 5-FU was eyaluatied 
administering groups of mice PN401 beginning 2, 
48 h after 5-FU dose. Results\ The MTD of 5-r 
100 mg/kg/week whereas the MTD of 5-FU + 
was 200 mg/kgjwek. A complete response (CR) 
and partial response (PR) of 20% was observer 
S-FU (200m»lcg) + PN40K CR of 40% and 
60% with 5-FU (175 mg/kg) + PN401, PR of 
with 5-FU (150 mg/kg) -1- PN401 while no 
with 5-FU (lOOmg/kg) + PN401, Analysis of 
pharmacokinetics displayed nonlinearity as a 
administered dose in mice. In the comparison 
best response was achieved with PN401 when co 
to EU and LV, Mice that did not receive PN401 
day 12, while other groups were alive at day 3 
proportion of mice surviving was highest in the 
which received PN401 at 2 h followed by 24 and 



or 



stutiy- 
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were 
-FU/ 
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was 
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with 
J>R of 
10% 
re^onsc 
5-FU 
ftmct|ion of 
the 
\U pared 
by 
The 
group 
48 h. 



died! 



Conclusions: |There is a threshold 5-FU dose after which 
the cfiBcacy is dramatically improved — ^in mice bearing 
Colon 26 adenocarcinoma, that threshold is a dose of 
> 150 mg/k^week, and the increased efficacy correlates 
with about a fourfold increase in the AUC of 5-FU. 
PN401 used! to rescue mice from the lethal toxicity of 
5-FU entail^ tiiat PN401 can be used as an antidote even 
when used up to 4? h after a 5-FU overdose. 

Key ^ords S-Fluorouracil • PN401 • 
Fluoropyrinlidines * Uridine * DPD 



Inta^udfon; 

I 

Fluorouradi (5-FU) is one of the most commonly used 
chemothcra^utic agents and constitutes the mainstay of 
chemotherapy for most gastrointestinal tumors as well 
as others [1]. The cytotoxicity of 5-FU involves (1) 
inhibition cjf thymidylate synthase, principally via the 
actions of jits metabolite, fluorodeoxyuridino mono- 
phosphate (FdUMP) and (2) synthesis of defective RNA 
as a result! of incorporation of a second metabolite, 
fiuorouridiiie triphosphate (FUTP), into RNA [2]. The 
principal toxicities of 5-FU include neutropenia, muco- 
sitis, diarrhea, and hand-foot syndrome, with the latter 
two advcrle effects predominating when 5-FU is 
administercjd as a continuous intravenous (IV) infusion 
[3]. Like other conventional cytotoxic antineoplastic 
agents, 5-FtJ has a relatively narrow therapeutic index, 
because toxicity often limits the dose of 5-FU that can 
bo adminis^edt limiting its overall therapeutic useful- 
ness, i 

Because ;of the association between the incorporation 
of 5-FU into RNA and dose-limiting toxicities, uridine 
has previously been examined for potential reduction of 
host toxicity. Uridine, a naturally occurring pyrimidine 
nucleoside, iatigments cellular UTP pools and competes 
with FUTP for incorporation into the RNA of hema- 
topoietic progenitor and gastrointestinal mucosal cells, 
thereby att^uating 5-FU toxicity in these normal tissues 
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i progenitors 



[4-8]. In mouse models, administration of uridine 
lowing 5-FU adcctively reduces toxicity to normal 
sues, permitting substantial 5-FU dose escalation 
increasing the overall efficacy of 5-FU [4-8]. Pr< 
and clinical studies have revealed that sustained 
concentrations of at least 50 jraiol/l are require^ 
confer protection to normal tissiies from the toxic r 
of S-FU [6]. Differences in uptake and utilizati 
uridine between tumor and normal tissues underli| 
dine's ability to reduce the toxicities of 5-FU w' ' 
proportionally reducing antitumor activity [3]. 
hematopoietic and gastrointestinal mucosal prog« 
eflaciently incorporate exogenous uridine (via the 
v^e pathway")^ whereas most other tissues, i ' 
mifllignanl tumors, favor the de novo pathway o 
nucleotide biosynthesis, in which free uridine is 
intermediate [3]. Thus, exogenous uridine is more 
tive in competing with FUTP for incorporation 
RNA in normal tissues versus all solid tumors tested 
date in murine systems. Although uridine has also 
demonstrated to protect against 5-FU toxicity ' 
mans, its low oral bioavailability and the 
for central venous access for parenteral 
impair cUnical utility [9-12]. 

PN401 (2',3',5'-tri-0-acetyluridine; Fig. 1; 
Therapeutics Corporation, Gaithersburg, MD, 
an orally active prodrug of uridine, represents a 
effective uridine administration technique, 
efficiently absorbed from the gastrointestinal 
deacctylated by nonspecific esterases, yielding 
and acetate. In contrast to oral uridine, PN401 is 
substrate for the catabolic enzyme uridine 
lase and does not require the pyrimidine transporter 
absorption. Consequently, administration of , . 
suits in substantially more bioavailable uridint 
does oral administration of uridine itself. UsIhl 
PN401 rescue, it has been possible to increase thi 
apeutic index of 5-FU in BALB/c mice bearii^g 
vanced transplants of Colon 26 ade] 
Further, in the latter tumor system, it has been 
to increase the dose of 5-FU resulting in a si] 
increase in antitumor activity without increased 
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Purpose 

The primary i objectives of the present study were to 
determine aiititumor efficacy of 5-FU dose escalation 
enabled by ! delayed administration of PN401, to 
compare thei efficacy of high-dose 5-FU plus PN401 
with other 15-FU modulators or regimens and to 
evaluate the | role of PN401 as an antidote to 5-FU 
overdose. | 



Frozen sami|)lcs of Colon 26 adenocarcinoma were ob- 
tained from j the National Cancer Institute (Frederick, 
MD, USA) and maintained by s.c. serial transplantation 
in BALB/c ilnioe. For experimentation, 0.3 nil of a 5% 
txmior brei 0n modified Dulbecco's phosphate-buffered 
saline at pHl 7.2) prepared from 4^ tumors was trans- 
planted s.c.!into 8-week-old BALB/c mice. Approxi- 
mately 7-9 clays later, when tumors were palpable, they 
were measui|ed and the animals were distributed among 
the experimental groups of ten mice each so that animals 
carrying approximately equal-siaed tumors were repre- 
sented in eaf h group. 



Drug and chemicals 

I 

5-FU and leucovorin were obtained from the Sigma 
Chemical Co. (St Louis, MO, USA). Triacetyluridine 
and eniluraiil were synthesized at Wellstat Therapeutics 
Corporation. 5-FU was dissolved in 0.85% NaCl solu- 
tion immediately prior to use and administered by 
intrapcritoiieal (i.p.) injection such that the desired dose 
was contained in 0.1 ml/10 g of mouse weight PN401 
was auspenkJed in 1% aqueous hydroxypropylmethyl- 
celluiose atj a concentration of 80 mg/ral and adminis- 



tc.xidty. ^^^^ e^^®^ 



Hg. 1 Smicturc of PN401 shouwng r,3',5'-tri-(?-8cetylTaidinfi 



Tumor measurements 

Two axes fof the tumor (the longest axis L and the 
shortest axis W) were measured with the aid of a vernier 
caliper. Tuinor volume was estimated according to the 
formula: \ 

Tumorvoljmae (mm^) =L'x x-^. 



Statistical Valuation 

Student's \ test was used for the statistical evaluation of 
difference in mean tumor size between groups of treated 
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nice. Differences between groups with a statiutical 
probability of 0.05 or less were considered significant. 



Toxicity measurements 

Animal body weighu were recorded immediately before 
and weekly after the initiation of treatment. Weight 
change was calculated as a percentage of the initial 
weight of the animals. 

Groups of ten female BALB/c 8-week-old 
bearing subcutaneous Colon 26 adenocarcinoma 



body 

mice 
were 

tresied with weekly 3x i.p. injections of 5-FU aldne at 
MTD (100 mg/kg) or at escalated doses of 5-FU (130, 
175, and 200 mg/kg) with delayed administration of 
PN40L PN401 was administered as 2,000 mgfl^i PO 
starting 2 h after 5-FU dose, q8h x5. Tumor volumes 
were measured weekly, with final tumor volumes mea- 
sured 1 week after the last 5-FU dose, Analysis of 5-FU 
pharmacokinetics was performed according tp the 
methods described elsewhere [13]. 

Then a comparison was made to several 5-FU dosing 
schedules corresponding to common clinical regimens 
for 5-FU administration. 5-FU is often administer &d on 
a daily 5x schedule (repeated every S-4 weeks) with or 
without Icucovorin (LV)- Eniluracil (EU) inhibits 5-FU 
degradation and thereby enables ord 5-FU admit listra- 
tion and furthermore provides plasma 5-FU phirma 
cokinctics approximating prolonged intravanous 
infusion. In the following comparative regimens, 5-FU 
was administer^ at MTD for BALB/c mice: Re gimen 
A: 5-FU 200 mg/kg i.p. days 1 and 7. PN401 2,000 mg/ 
kg PO starting 2 h after 5-FU dose every 8 h for t total 
of five doses (following both on 2 and 7 days SFU); 
Regimen B: S-FU 35 mg/kg Lp. for 5 days; Regimen C 



5-FU 35 mg/kg i.p. + LV 100 mg/kg Lp. for 5 



days; 



Regimen D: 5-FU 2 mg/kg + PO EU 2 mg/kg K) days 
1-9. Groups each comprised ten female BALB/c 8- week- 
old mice bearing suteutancous Colon 26 adenccarci- 
noma. Tumor volume was measured on days 7 and 14. 

Fmally, to investigate the best timing of the first dose 
of PN401 relative to 5-FU administration as an impor- 
tant determinant of the effectiveness of PN401 ic ame- 
liorating the fljdverse effects of 5-FU, female BiU^B/c 
mice (nontumor bearing) received a lethal dose of 5-FU 
(400 mg/kg i.p.). Group? of mice then received oral 
PN401 beginning 2, 24, or 48 h after the 5-FU| dose. 
Survival was monitored for 30 days. 



The prctrcatment mean tumor volxmie was approxi- 
mately 200 mm^. In untreated animals, the tumors grew 
to a mean size of about 3,400 mm'. 5-FU at its i^imal 
MTD (100 mg/kg) partially inhibited tumor growth, 
resulting in a final mean tumor volimic of about 
1,500 mm^, and no regressions were observed. Jn the 



group that received 200 mg/kg/week 5-FU, a dose tol- 
erated only d^ to toxicity reduction by PN401, durable 
complete tuior regressions were ob^rved in 8/10 mice 
and partial I regressions (>50% regression) in the 
remaining tw'O mice. At 175 mg/mg dose of 5-FU with 
PN401, a CR rate of 40% and a PR rate of 60% was 
obtained. 5-FU at 150 mg/kg/week + FN401 yielded 
10% PR rate and mean tumor volume of 690 mm^ 
(Table 1). Significantly, the improved antitumor re- 
sponse of high-dose 5-FU enabled by PN401 was. 
achieved witjhout a toxicity penalty as determined by 
body weigh! changes (Table 1). Analysis of 5-FU 
pharmacokinetics displayed nonlinearity as a function of 
administered dose in mice. In female CD-I mice 
receiving 5-f U by i.p. iiyection the **arca under the 
curve" (AUC) for plasma 5-FU at a dose of 100 mg/kg 
is 135 Mmolih/ml (mean for five mice). At a dose of 
150 mg/kg. the AUC is 197 ^mol h/ml and at 200 mg/ 
kg, the AUt is 485 ^miol h/ml. Thus, the twofold in- 
crease in 5-FU MTD in mice receiving PN401 corre- 
sponds to about a fourfold increase in the plasma AUC 
of 5-FU. I 

In the comparison study, the tumor volumes on days 
7 and 14 aire indicated m Table. 2 and 3. 5-FU at 
200 mg/kg 1^1 th delayed oral PN401. induced significant 
tumor regreision (9/10 CR). The other regimens (5-FU 
daily X 5 + iLV and 5-FU PO daily x 9 -i- EU resulted 
in the inhilAtion of Vumoi growth, but no regressions 
were observed, even though toxic weight loss was greater 
ui tJhese gr^iups than in mice treated with hi^-dose 
5-FU phis ItN401. 

In the tiijaing of administration study, after a single 
lethal dose ^»f 5-FU (400 mg/kg i.p.)» niice that did not 
receive PN4bl died by day 12 while most animals in the 
other three ^oups were alive at day 31 (Fig, 2). More- 
over, the proportion of mice surviving was highest in the 
group that Received PN401 at 2 h followed by 24 and 
4$ h, A significant improvement in siurvival was seen 
even when PN401 was administered 48 h after 5-FU. 

About 112 separate variations on the Colon 26 
experiments! (slightly dififerent dosing regimens, different 
comparisonj aims) were done, all corroborating the re- 
ported results. Such variations included individual dose 
as well as tte cumulative dose of PN401 administered 
following 5-iFU, timing between 5-FU and the first dose 
of PN401 rknging from 2 to 24 h, and the number of 
dosoa of PN401 required following 5-FU. 



Di&cusslon i 

This study Has shown that there is a threshold 5-FU dose 
after whichi the efficacy is dramatically improved — in 
mice, that tiireshold is a dose of > 150 mg/kg/week (i.e. 
175 and 200 mg/kg/week), and the increased efficacy 
correlates with about a fourfold increase in the AUC of 
5-FU. This; finding is consistent with previous studies 
including ihe use of injected uridine [4], uridine 
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Table 1 Results of the study to determine MTD of 5-FU given alone versus with PIK401 and responses (tumor volume) 



Treatmcnl (mg/kg) 



Control (no 5-FU) 
100 

5-FU 200 + PN401 



Tumor vol. (mm') 



Control (%) 



No. dead/no. treated 



Regressions 



PR 



CR 



Total 



3,406 ±263 
1,503 ±267 
12±10 



44.1 
0.3 



3/10 
O/IO 

0/10 



O/iO 
0/iO 
2/10 



0/10 
0/10 
8/10 



0/10 
0/10 
10/10 



Tumor: subcutaneous Colon 26 adeaocarcmomaf initial size 
intervals, begimiing 2 h after 5-FU; evaluation: 7 days after ^ 
week whereas the MTD of S-FU when given with PN401 \ 
(PR) of 20% was observed with 5-FU (200 mg/kg) + FN401 
no CR and PR of 10% with 5-FU (150 mg/kg) + PN401 
response, > 50% decica$e in tumor 9ixe; CR complete 



tie 



respc nM, 



198 ± 14 mm^; 5-FU: i.n. injection, weekly 3x; PN401; five oral doses at 8 h 
last of three weekly 5-FU doses. The MTD of 5-FU alone was 100 mg/kg/ 
_ 200 mg/kg/week. A c<^mplete response (CR) of 80% and partial response 
compared to CR of 40% and PR of 60% with 5-FU (175 mg/kg) + PN401. 
wbi)e no responses wer^ seen with 5-FU (100 mg/kg) + PN401i'J? partial 
no tumor dctectablb 



Table 2 Rcsuita of comparative i^gimcn study: evaluating responses of 5-FU given ialonc, with LV, EU. and PN401 



Group 



Day 7 tumor vol. (oun^) 



Day 14 tumor vol- (mm^) 



Control 

5-FU 200+PN401 
5.FU 35x5 d 
5-FU 35x5 d + LV 
5-FU 2x9 d-fEU 



U91±|215 
13±2 
266i7' 
IS9±5: 
225±4'' 



1.230 ±154 
0.5 ±0.4 
633 ±144 
51S±122 
924 ±9S 



Initial tumor size 82 ±9 mm*. In the rcgimsn comparison 
response wfla achieved with PN401 when compared to BU 
LV leucovorin, EU ethynyluradl (DPD inhibitor that pera^ts 



study, tumor volume measured on day 7 and day 14 showed that the best 
and LV 

oral 5-FU administration) 



diphosphoglucose (UDPG) [14] and PN401 in cDrabi- 
nation wi± 5-(ben2yloxybciizyl)barbituric acid acydo- 
nucleoside (BBBA), an inhibitor of uridine 
phosphorylase (UrdPasc) [15], indicating that these 
agents can allow the escalation of 5-FU doses for better 
chemotherapeutic cfiBcacy. This is the first report that 
delayed administration of PN401 alone is sufficient for 
enabling dose escalation of 5-FU to a degree suffic ent to 
induce regressions of the Colon 26 adenocarcinoria 

5-FU is administered in a broad range of dosing 
regimens and no single dose schedule has Civer emerged 
as clearly superior at maximum tolerated doses [1-3], 
and the trend towards superiority of one regime] i over 
another may depend on the tumor type. At standard 



doses, inhibition of thymidylate synthase (TS) appar- 
ently predoijninates as a mechanism of antitumor cyto- 
toxicity, and this inhibition is perhaps best exploited by 
continuous j infusion of 5-FU, although resistance 
through coinpensatory overexpression of TS almost 
inevitably dccurs. Acute TS inhibition is maximal at 
relatively loW doses of 5-FU; the problem is to maintain 
durable inhibition. Unlike TS inhibition, RNA-directed 
cytotoxidtyj of 5-FU cannot be saturated at clinically 
achievable 5-FU concentrations, presenting, in principle, 
an opportujuty for increased activity with dose escala- 
tion. HDWcycr> this mechanism is operative only when 
concentrations of the 5-FU anabolite FUTP are suffi- 
cient to coipete with endogenous UTP for incorpora- 



TaWe 3 Comparative S-FU phannacokinetica after variou t 



clinical dosing regimen^ 



S-FU regimen 



S-FU dose 
(mg/m=*/day) 



Dose 
rate 



*Io. of Total doise CX (l/h/m^) 

< loses/month (mg/m^/month) 



Daily X 5 375 1-2 min 

Weekly bolus 500 20 min 

Weekly bolus 500 2 min 

PN401 weekly bolus 1,400 30 min 

Continuous infusion 146 Continuous 

120 h infusion 1,000 120 h 

Weekly 24 h inAidon 1 ,500 24 h 

72 h inftwjon 2,000 72 h 




AUCo-a4b AUCo-3D <lAyi 
(Mfflol h) (^moi h) 



The comparison of Phase I studies [13, 201 studies and vb 
increases in AUG and corresponding decreases in deara^ce 
increases over a standard dose ranged from 2,4 to 3.9-fold 
[21, 22]. The intrapatient variability in exposure decreased 
reduced to approximately threefold than that observed ~ 



42.2 
65.3 
42.5 
24.1 
IS3 
156 
127 
159 



73.5 

55.9 

103 

466 

7.2 

50,4 

96 

156 



368 

224 

412 

1,398 

216 

252 

384 

468 



rioufi other intravenous 'schedules of 5-FU [3] have showed disproportioaate 
ice with increasing 5-FjU dose (range 1,200-1,950 ma/m*). While the dose 
average 5-FU exposurek, as measured by AUC, ranged from 5 6 to 18.6-fold 
4^th increased 5-FU dosel With hig;h-dose S-FU enabled by FN401, c^arance is 
the maximum inhibitL|on of DPD with BU [23] 
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Ei^ 2 Suiviv^ in mice trc&ted 
with 400 mg/m* 5«FU and 
PN401 and relation to time of 
dosing. Mi^c that did not 
receive PN401 died by day 11, 
while the other three groups 
were alive at day 3U Moreover, 
the proportion of mice 
survivhig was highest iti the 
pottp which recdvcd FN401 at 
2 h followed by 24 and 48 h 



Propo 
iftittn 



Surviv 




lion into nuclear RNA» which requires high extract llular 
concentrations of 5-FU. Thus, bohis administration of 
5-FU may be necessary for exploitation of RNA-direc^ 
ted 5-FU toxicity, but dose-limiting 5-FU toxicities 
intervene. The fact that uridine is an effective antidote 
for both gastrointestinal and hematologic toxiciti«« due 
to bolus 5-FU implies that RNA-dirccted effects accoxmt 
for dose-limiting toxicities in this situation, since dtslayed 
uridine docs not reverse inhibition of TS by FdUMP 
[16]. 

RNA-related toxicities of 5-FU arc largely a fu: iction 
of the concentration x time product, equivalent :o the 
AUG for plasma pharmacokinetics [17]. It is noteworthy 
that although different total amounts of 5-FlJ are 
adrmnistercd in various clinical regimens, the AL'C for 
intact 5-FU (versus total 5-FU phis inactive 5-FU ca- 
tabolites) during the course of periods of thenpy of 
equivalent duration (i.e., 30 days, to account for differ- 
ent dosing schedules), is quite similar, whether 5- FU is 
administered by weekly bolus, daily x 5 bolus, 24 or 
48 h infusion, or continuous 28 day infusion [3; . This 
suggests that 5-FU therapy is limited by an 'AUG 
ceiling", integrated over a cycle of treatment. An 
important feature of 5-FU pharmacokinetics is that the 
clearance rate varies inversely with plasma contsentra- 
tion. due to saturable degradation processes, e.g., by the 
enzyme dthydropyrimidine dehydrogenase pPE) [18]. 
A large fraction of an administered dose of S- FU is 
degraded rather than anabolized to cytotoxic iuoro- 
pyrimidine nudeotides, especially during prolonged 
infusion, so that the AUG achieved is perhaps i more 
meaning measure of S-FU exposure than the -idmin- 
istcred dose. Thus, despite different total dos«s 0 " 5-FU 
administered in variotis regimens, the systemic exposure 
to intact 5-FU per ueatment cycle of equivalen : dura- 
tion is similar, and this may account for the therapeutic 
equivalence of the various regimens. Howevo , it is 
tantalizing that the dose response for clinical act vity of 



I 



400 rag/ra2 
*ir t-PN40l @ 2Jir 

+FN40I i5 48hr 



10 



1 15 10 
I Survjiial (days) 



25 



30 



35 



bolus 5-FU lhas a very steep slope [19], i.c^ a relatively 
small increase in tumor exposure to intact 5-FU could in 
principle lead to a substantial increase in clinical efficacy. 

Delayed uridine administration after high-dose 5-FU 
has been dmonstrated to improve antitumor efl&cacy 
versus S-FU at MTD in a variety of tumor models, and 
clinical hnpieraentation of this strategy has been at- 
tempted. Uijidine itself is poorly absorbed, resulting in 
osmotic diarrhea at doses required to elevate plasma 
uridine into the therapeutic range, and intravenous 
administratijon of uridine is cumbersome due to the large 
amounts of iuridine required^ resulting in hyperthermia 
or phlebitis if the infusion rate and route are not care^ 
fully controiled [9-12]. In contrast, PN401 (triacetylu- 
ridine) acts as a lipophilic prodrug of uridine that is 
efficiently absorbed and rapidly deacetylated, yielding 
more bioa^ailable circulating uridine than the oral 
administration of uridine itself. The strong antitumor 
efficacy of high-dose 5-FU with delayed PN401 , with less 
toxicity (wdght loss) than was observed with lower do- 
ses of 5-FTJ without PN401, which only attenuated tu- 
mor growth witihout inducing regressions, indicates that 
PN401 rescue was relatively selective for normal tissues 
versus the tkmiors. 

The clinical feasibility of 5-FU dose escalation with 
PN401 has been demonstrated in phase I smdies [13, 20], 
These Btudij?s have showed disproportionate increases in 
AUG and icorresponding decreases in clearance with 
increasing : 5-FU dose (range 1^00-1,950 mg/m^ 
(Table 3; Fig. 3), While the dose increases over a stan- 
dard dose iranged from 2.4 to 3.9-fold, average S-FU 
exposures, las measured by AUG, ranged from 5.6 to 
18.6-fold [il, 22]. The intrapatient variability in expo- 
sure decreased with increased 5-FU dose. With high- 
dose 5-FU| enabled by PN401, clearance is reduced to 
approximately threefold than that observed with the 
maximum ^inhibition of DPD with EU [23]. In an 
ongoing phase ni clinical study of high-dose 5-FU In 
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Kg. 3 Plaama 5-FU 
ooncentrstiotwtime profile: 
phase in dose verms 
conventional dose, ComparUon 
of AUG achieved with high- 
dose S-FU enabled by delayed 
oral administration of PN401 
versus standard 5-FU bolus 
do$e showed disproportionate 
increase* in AUG when S-FU 
wasi given with PN401 




Phaac m 5-FU Dose^ 1400 mg/in2 (AUO= 466 jiM*hr, RSD= 23,1 

Standard S-FU Dose ;(21): 500 mg/m2 (AUG =55.9 nM»hr. RSD= 47.3%) 



pancreatic Cdiiccr, patients receive 1,400 rig/m^ 
5-FU per week 3x with 1 week rest, with PN4C1 6 g 
administered q8h for eight doses, beginning 8 h after a 
rapid (30 min) 5-FU infusion. In a phase II c] inical 
study in gastric cancer conducted by SWOG, pt tients 
received 5-FU at 1,200 mg/m^ per week 6x witli leu- 
covorin. followed 8 h after 5-FU with FN401 6 g qSh for 
eight doses. High-dose 5-FU enabled with PN401 is also 
in principle compatible with combination chemotherapy 
involving the same spectrum of agents used with 
dard doses of 5-FU. e.g., oxalipiatin, irinotecaiji, cis 
platin, epirubicin. taxotere. 

These experiments also indicated that the tim; 
the first dose of PN401 may be an important de 



ng of 
ermi- 

nant of 5-FU toxicity reduction and the degree of iafe 5- 
FU dose escalation as mice can tolerate higher 5-FU 
doses if PN401 rescue starts earlier than later. I'N40l 
xjsed to rescue mice from the lethal toxicity of S-FU not 
only allows administration of high 5-FU doses to tu- 
mors unresponsive to conventional doses of 5-FU but 
also entails that PN401 can be used as a antidote, even 
when used after 48 h in patients who have recei\ed an 
accidental overdose or severe untoward toxicity of 5- 
FU, in particular RNA-medicated host toxic effects 
This issue is particularly important in situEitions 
including pump malfunction or ingestion of ex(essive 
quantities of 5-FU prodrugs like capecitabine. More- 
over, the potential of PN401 in DFD-dcficicnt patients 
to allow 5-FU treatment also warrants investigation, in 
particular when they have 5-FU sensitive tumors, which 
may affect up to about 3Vo of the population [24 

In summary, the results of this study demonstrate 
that uridine exposure resulting from PN401 not only 
allows administration of high 5-FU doses to tmnors 
xmresponsive to conventional doses of 5-FU bit also 



entails that i^N401 can be used as an antidote even when 
used up to 48 h after a 5-FU overdose. Because of the 
nonlincarity! of 5-FU pharmacokinetics, the two times 
increase in \hs MTD of 5-FU was associated with a 
fourfold increase m 5-FU exposure (i.e., AUG). Future 
exploratory I studies aiming at evaluating the role of 
PN401 in DPD-drficient patients as well as clinical trials 
to further Confirm this biochemical modulation with 
PN401 is warranted. 
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Use of Uridine Rescue to Enhance {the Antitumor Selectivity 
of 5-Fluerouraeii^ 



Qon sr, Wmi^igtont 0. c. 20037 \ 



PhiGp Klubes* and Ingebors Cefna 

OGpam^i^etfihamacokigy, George mshkigtonUn^ 
ABSTRACT 

Wd examined the abity of urld^ to increase the ther4p6utic 
Index of 5-fluorouracO (FUra) against C57BL/6 x DaA/2 f , mice 
bearing a Day 1 Bi 6 melanoma or L1210 leukemia. FUra (400* 
600. or 800 mg/kg, i.p.) foOowed In 24 hr by a 5^y s.a ir fusion 
with uridine (5 g/kg/day, s.e.) was eofi^ared with the maximum 
tolerated dose of FUra (200 mg/kg. Ip,) plus a 5-day irtnjsion 
with 0.g% NaCl solution. High^iose Ft>a plus delayed kifusion 
wfth urkflne was more effective than FUa (200 mg/kg} ir i inhib- 
iting the growth of the B16 melanoma. Hlgh<k)8e FlAa pkis 
uridine rescue was, howavor, no more effective than FUa (200 
mg^g) in increastng the survival times of mice bearing ttie 
leukeniia. 

To see If urkjine rescue from FUra tox^ty oorrelatdd with 
effects against a sensitive normal tissue, bone marrow nui Seated 
oaSulolty of normals non-tumor-bearing mice was monttorc d after 
drug treatment. In mice treated with FUa pOO mg/kg) f< flowed 
h 24 hr by a &<jay infusion with either uridine (5 g/kg^tey) or 
0.g% NaCt «^ution, there was not as great a deo^se In 
ceAitarity at the nadir wfth urMine, and. in addftfon, 
aocelefated recovery as ocmipared to 0.9% NaCI solutk^. Fur- 
thermore, ufWine (S a/kg/day), but not thymicfine (dThd) C > g/kg/ 
day) or Z'-deoxyurkjlne (dUrd) (6 g/kg/day}, had a sparing effect 
on the depression ^ borte maniow nucleated cellularity 
the nadir on E3ay 4 after Fura (200 mg/kg). 

The specificity of urkHne to rescue mice from the lethal 
of the related fluortnated pyrimidines. 5-ftuorx)uri4£ne 
fiiwo-2'-deoxyurktine, was also examined. Mice were 
with S-fluorouhdine (250 mg/kg. I.p.) fdtfowed In 24 hr 
day infusion with uridine (1 . 5, or 1 0 g/kg/day). dThd (1 » 1 or 1 0 
g/kg/day). or dUrd (1 or 5 g/kg/day). Urfd'm (1, 9, or 1) g/kg/ 
day) rescued mice from the lethal toxicity of $-fluoro jrkline, 
whereas dThd or dlM was ineffective. Similarly, a 5-day Infusion 
with urMlne. but not dThd or dUd, rescued mice from t^ tethal 
toxicity of 5-lluoro-2'-deoxyurfdb>e (1 8O0 mg/kg, i.p.). 
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INTRODUCTION 



Mator disrupttor» In DNA and RNA synthesis following 
ment with FU^ are due to the anabotlsm of the drug to 
and FUTF (IQ), In different tumor cett lines, either the 
RNA-dfrecied actions of FUra may be the prMpai 



^ TTM inyestlgailan was st^portBd by Orants C^lSa from the 
Sodety and CA'ITeCt bxtr\ the Natlonil Cancer indtnuts. Oflp arti i m 

'To iHtttfn requests hv reprtnts shoidd bv aM/&d«a, fit me 
Ph^mMotogy, Georaft Washington IMversay Modeal Centsr. 2300 Ej^ Street. 
N. W. Wad*«ton, 5. C. 20037. 

* The st«vQvSaSons usad 9^. FUa. 5-ftuommdl: FdUMP. 
rkflne S'-ffionoc*iosp«tate: PUTP, &4uorourk&i0 S'-Mphesphata; tfTM. 
dUd. S'^deo^ridln*; f dUd. Sfttfro^'-deoxyurftM; FUd, 
inoTMsc h mHtfian Bfe toon. 
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of its cytotoxidty (5, 21, 25). Furthermore, there is a specmdty 
for dlha urkfine, or dUnd for reversing the cytotoxtoity of FUa 
(5. 23. 26). fik for nontial hoet tissues, the importanoe of the 
RNA^rected actions of Ft>a. FUd, or FdUrd to their dose- 
limfting gastrointestinal toxidty in CBA/J oonretetes best 
witf^ the inowjporallon of FUTP. derived from these fiuorinated 
pyrtmldnnes. ir^o intestinal RNA rather thw with levels of FdUMP 
(ID* I 

Our observ^(tion that delayed acMntstratkx) of a continuous 
s.c. infusion ajf uridine, but not cfThd or dIM, rescues mk:e from 
the lett^ toxicity of FUra is consistent with P\JralBNA and not 
inhibition of thymidyiate synthetase as a determinant of the 
toxidty of Fljra (14. 15). It seemed possibte, therefore, that if 
differences existed in the RNA- and DNArdirected actions of 
FUa in tumor as compared to host norma) tissues, a selective 
rescue of nofmal tissues with uridine oould then increase the 
therapeutic ir^ex of FUfa. 

In ttte repbex, we describe our stucBes with transpiantabte 
mouse tumorb whteh incficate the potential of hlgh<los6 FUra 
plus uridine riescue to increase the therapeutto index of Fura. 
Furthermore. I we present evidence that FUrfrnnduoed toxteity to 
a sensitive htkst tissue can be selectively reversed ^ urkTtne 
but not with either dThd or dUrd. Finally, have demonstrated 
that uritfne, out not dThd or dlM, also rescues nomial, non- 
ti^nor«bear1n^ mice from the lethal toxicity of f Urd cr FdUd. 

MATERML9i AND MET>100S 

I 

Dnigs. Fi>a' and dThd were obta^ from Dr. V. L. Narayanan. Dnig 
Synthesis and bhemistry Branch. Divisfon of Concer Treatment, National 
Cancer Instilulb, Ufdine and AAnd were obtained from Sigma Chemical 
Co. (5t Lotjra. Mo.). FIM and FdUrd were obtained as a gift from 
HoffmanrvLa Fjtoche tna (Nutley. N. J.). Sodium pentobarbital was ob- 
from Vortarinary Laboratories, mc. (tjenaxa. KansO^ 

FUra was dssdved h 2% NaHCOb (w/v) just prior to use. FUd cr 
FdUrd waft ddsotved in 0.9% NaCt sotutkxi iy^M Nst prksr to use. All 
dnigs were administered i.p. in volumes of 0.01 mf/g of mouse body 
weight. UKdne. dThd, and dUrd wore each prepared In 0.9% NaCI 
solutien, and ai solutions were alBrOlzad by passage through 0.22-^ 
Milpore flltersl jUSt prior to adrnhnlstration by continuous s.e. Infusion. In 
ai experfmenis, mice wh^ did not reoeive dnig(s) were given an 
eQUivi^ vohkne of 0.9% NaCi aotutfon. 

ArAnats arid Tumorm. hMa C5r8M6 x QBA/2 Fi (hereafter called 
B6D2Fi) mica,] weighing 20 to 23 g, were obtained from Harian-Spragua- 
Dawtey LabonktortM (Madison. Wls.)i Male C57&L/6 mice, weighbig 20 
to 23 g. were 6btt&M from Microbiolo^ A9«ociatas (Sethesda. Md.). 
Mate DBA/2 rpoe, weighing Id to 23 g. were obtatnad from Charles 
River Breadng Laboratortes, Inc. (Wilmington. Mass.). Antmats were 
caged In an afccndlticned room lic^ited fm\ 8 a.tT). to 8 pjn. and had 
free access tol standard PuHna laboratory chow diet and tap water. The 
L1210 lymphqcytio leukiamla h the ascites ffbrm was pasraged weawy 

DGA;2 rnic^. The «cUd BIS melanama was passageo every 10 to 14 
days in CBTBf^ mice by ax. impbmatkin of 0.2S ml of a 1^ (w/v) 
tumor brai. Th^ tumors were obtained from E. G. and G. Mason Research 
tnatitutfi (Worteater, Mass.). 

I ' CANCER RESEARCH VOL. 4S 
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Conttiuoui InfusloM. Mies were anesthetized with a single s.c. 
injection ot eodium pentobarbllal (75 mg/kg) prior to Insertton of a siS. 
c&nnUa. The technique for continuous s.c. infusion writh uridine, dfhd. 
or dUW has Deen described (13, 15). 

AAtituimr AcMty of PVlra pfcit Urtdino Rasou*. An chemotherapy 
sxpeiiments were routinely begun between a and 9 a.m. For oxperim snis 
with the fldld 816 melanoma, BBOZh mice were anesthetized on Day 
0 wttn a single 8.c. ir^ection o(f $odhjm pertobarwai (7S fng/kg>« aid 

0. 25 rrri of a 1/5 (w/W tumor brei was Injected into the axfllao^ region 
with puncture in the inguinal region. On Day 1, the nUoe were rand imty 
distriUxtad into groups of 8 each, and they were then each given a 5 ngle 

1. p. if^ion of eitter 0,9% NaCI solution or FUra {200, 400. 600. oi 800 
mgM^ Twenty*teur hr later, a ^c. Infusion with either O.d^ MaC( 
aotuticn or urk!^ (5 g/K$/day) was begun and ^vntnued for S dayt . O^ 

16 after tumor Emulation, the mice were sacrificed by ceivi^ 
dislocation. The tunKy« were excised eurglcaiy, and the welgM of ^ 
tumor was deterrnined. For expeftments wKh the L1810 tumor. 88 )2Fi 
mice were given a single i.p. injection of 1 x 10^ L1210 asdtee eel s on 
Day 0. On Day 1. the mice were randomly distributed mto groups of 6 
each, and they were then given a single l.p.irijeotion of either 0.9% 
sotutSon or FUra (200. 400. 600. or 800 mg/kgK Twenty-lour hr latdr. a 
6.C. Wusion with either 0.9% NaO solution or urkfine (5 g/kg/day) was 
tpegun and continued for 6 days. Animals were obaeived fbr iwftvduai 
days of death, and trw median euwival timo and percentage of lUS ware 
detemtmed as described prevfou^ (8). 

Effect of Chemotherapy on Bone Marrow NudeBled OelMjiifty. 
Normal, non^tumor-bearing 86D3F| mice were given a 9it\^ i.p. inie :tion 
of FUa (200 mg/kg) on Day 0. Twenty^four hr later, the mice (wre 
randomly distributed brato groups of 20 each, and a 8*c. Infusion with 
eith«^ 0.9% NaCt solution or uridkie (5 g/kg/day) was begi^i and ct ntln- 
ued for S days. Mice m groups of 4 each per treatment warn sacil toed 
by cervic^ disloQatlon on Days i, 8. 4. 6. and 6 after FUa. anti the 
number ol nucleated oe»s per famu' was detennlned as described ( r). In 
anoto experiment normal. nor»-tumor-oeaf^ B602F, mloe were \ liven 
a single l.p. in/ection of FUra (200 mg/Kg) on Day 0. On Day 1 . the mloe 
were mndomly distributed into groups of 4 each, and a s.c. infu^on with 
0.9% NaD scbJtion, urkf ne (5 g/kg/day). dThd (9 g/kg/day), or ufldine 
(5 g/kg/day) was begun. Seventy-two hr after the inlUsion was b«gun, 
the enim^ were sacriftoed by cenrical dislocation, and the numtier of 
nucleated eels per fermr was determined. Prefimlnary experimhents 
showed that the nadir in bone marrow nucleated o^tutartty occun^ d on 
Day 4 after FUa <200 mg/kg) treatment. 

Effect of EHhv llHdine^ dTM, or dlM tnfutioo to Rescue wee 
from the Lethal Tbxicity of FUrI or FdUrd. in preliminary experiii|ients 
with nomol, norMumor-bearir^ B6D3F| m'ice, we detemwied thai the 
^oximate 90% lethal dose for a single Lp. dose of either FU-d or 
FdUrd was SSO and 1800 mg/kg, respectively. Fdr experiments with 
FlJW,frtoewereflhrena5»nglBi4>. injection of FUrd (250 mg/kg). Tw^nty^ 
four hr later, the mice were randomly {fistributed Into groi43S of 64»ch. 
and a BuC infusion of either 0.9% MaCI solution or uridine (1i 5* or 10 g/ 
kgt/dey) was tmmedlatety begun and oonf^uad tor 5 days. &ff\ivors 
were detemilned daily for 30 days after FIM. SfmOar experiments were 
^donein which mice reoalved a sintf e l4>.blectionof FUdCSSC^mg/ 
kg) foiowedtn 24 hr by a 5-day infusion with 0.9% NaCI solution, fThd 
(1 , 5. or 10 g/kg/day). or dUrd (t or 5 g/kg/ttay). Expeftmants sM^ to 
those with FUrd were also dons in which mice received a shgu ij^ 
kijectfon of FdUd (i^ mg/kg) followed m 24 hr by a &<iay ktf jsion 
with 0.9% f^ soKitim, uridine (1. 6, or 10 g/kg/day), tflhd (1, 5* x 10 
g/Xg/day), or dUfd (1 or 5 g/kg/day). The dosage achedUies of ur *», 
dTM or dlW whic^i were used did rot cause any rrerted grofts to >ciclly 
(15). 



RESULTS 

Effect of Htgfi-Dose FUra plus Uiidlne Reeeug on 
Growth of Mouse &16 Melanoma, in prevkxjs studies fiwi 
taberatory, we have found that PUra at 200 nr)g/kg m2> 
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n^aximum toieraled dose when given as a single i.p. Injection 
agaln^ either normal or LI 210 tumor>beartng B6D2Ff mtee (6, 
15, 16). ^ orderlto oontirm that FUra (200 mg/kg) was ^ the 
maximum toterajled dose against mice t)earfng a Day 1 Bl6 
melanoma Implanted s.&, we compared the effect of either 0.9% 
NaCI sofution orlFU^ (200. 400, or 600 mg^g) plus 0.9% NaCt 
solution tnfUsionjon tumor growth and survlvai. Table 1 (Experi- 
ment 1) shows the results obtained vi^en tumor weights were 
defcemiineo fron{ control and FUra-treated mloe on Day 16 after 
tunfwr implantation. As can be seen, FlAra (400 or 600. mg/kg) 
plus 0.9% NaCjl solution infusion inhibited tumor growth as 
compared to FUfia(200 n\g/tcg).ptu5 0,9% NaCI solution infusion, 
the latw of which was Ineft^otlve as oonrtpared to control. 
However, FUra i200 mg/kg) plus 0.9% Nad solutton infusion 
resulted in 8 of 8 Day 16 survivors* whereas FUra (400 or GOO 
mg/k9) plus 0.9% NaO solutkxi infusion resulted in 5 of 8 and 3 
of 8 Day 16 si^ors, respectively. 'P^ese results, which are 
consistent with lour previous studies on Fl>a toxteity. indicate 
that FUra (200 rpg/kg) was the maxinHim tolerated dose t^ted 
against the moJse B16 melanonr^a. in addttton. a 5-day infusion 
with 0.9% NaCI (Solution dkl not appear to alt^ FU^a toxicity* 

To determine Iff uridine rescue oouki increase the thenapeutto 
index of FLAra, ^ compared the effect of high-dose FUa plus 
uridine rescue With the max^m tolerated dose of FUra alone 
on the growth of a Day 1 B16 melanoma, implanted s^, Table 1 
shows the restiHs obtained when tumor weights were deter* 
mined from control and drug^reated mice on Day 1 6 after tumo' 
impiantatk)n. Aa can be seen (Experiments 2 and 3), FUra (400 
or 600 mg^g] p^us uridine rescue were both more effective than 
was FUra (200 ijig/kg) alone in Inhibiting tumor growUi. SImflarty 
in Experiment % FlA-a (600 or 800 mg/kg) plus uridine rescue 
were both mord effective than was PUa (200 mg/kg) alone m 
inhibiting tumor growth. The fact that all animals treated with the 
h^her doses oi FUra remained alive at Day 16 indicated that 
uri<£ne had prevented the anticipated host toxicity. These resufta 
with the niK>u&e B1 B melanoma ir)d'«ated that a aingje l.p. injec- 
tk}n of hlgh-dos^ FUra followed in 24 hr by a 5-day infuskm with 
uridine was mo^ tumor inhibitory than the maximum tolerated 
dose of FUra al^. 

Effect of Hgji-Dose FUra plus Uridine Rescue on the Sur^ 
vival of Mice Bearing the Aacitlc U$lO Leukemia, To deter- 
mine If ursine fescue could increase the therapeutic index of 
FUa against a nnouse leukemia* compared th& effect of high- 
dose FUra ptusi uridine rescue with the optimal dose of FUra 
alone on the survival tknes of nttoe bearing a Day*1 L1210 
leukemia, implahted Lp« As shown in T^ 2 (Experiment 1). 
FUra (400 mg/kfl) plus uridire rescue (6 g/kg/day) was no more 
effective than Was FUa (200 mg/kg) alone Inlhat the ILS was 
^ and 69%, respectively. SimOar^ In Experiments 2 and 3, FUra 
(600 or 800 md/k^ resulted in an ILS which m9 not greater 
ttian that seen WWi FUa (200 mg/kg) akjne. TTtes© results with 
the mouse L1210 tetdcemia lf)dicated that a single i*p. injection 
of high-ck>se FUJra followed in 24 hr by a S^day infUskxi with 
uridine did not produce an ILS grrater than that which ocouned 
with tf« optimal dose of FUa atone. 

Effect of Uridine, dThd, or AIrd Infusion on the FUra- 
induced Deprejssion of Bone Marrow Nudested CelUitertty. 
To see if uricfinb rescue from the toxicity of a FUra con^^ted 
with effects against a sensitive nonmal tissue tn nrvtoe. we moni- 
tored bone manow nucleated ceSulamy ^ter drug treatment. As 
can be seen (Cl!iart 1), In mice treated with a single i-p. ir^ectlon 
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Day? 2-6 



Expcftirita\l 



Day >,FUpii 
(mg/K6) 



lutlpn ktfusion (S 



irtuskin 



200 
400 
600 



200 
400 
&O0 



200 
400 
600 



200 
400 

BOO 



+ 
+ 
+ 



^ Groups of 8 mkse we tmdiutated wim 0.2S ml Of a 
i.pt. I^cctton of FUa. as indtoatea Twenty^our hr tatar, a 
begun and coniktuad for 6 days. Survivor? vMfO chocked 
we^o dl$^ted free end wei^i^d. 



Mfidn ± S.E. 0* B mice pw treatnwrt grttup on Day 16- 
'p < 0.05 Bd eompyed to (200 rttg/kg) by Studert'fe f te^^ 
^ < 0.006 S3 conpared to Flira (200 mg/ko) by 8tuden '$ t test 
* p < Q.01 as comp»i«d to FUa (200 mg/Kg) by Student' ; t test, 
'p < 0.001 a$ compared to PUta (200 mg/kg) by Student £ r tost 



Treatment 



Expertment 



Dayl.PUra 



p$yeM, 
dna 
d*) 



I Day-16survt« 
iMmduai day? or | von/eotai 
deaih I 



I 



13.14.14 
11,11,11»12,13 



1/S (IwM B16 metanoma bral by a. 
8,g. Infusion of «tth^ OJSnh 



e/6 

0/6 
3/8 



B/8 
B/6 
8/S 



6/8 

a/8 
a/8 

B/B 
6/8 
6/8 





of Gontfc^ 


253O±3O0° 




22S4±343 


90 


1142 ;t10^ 


46 


910:*:139F 


36 


1137±2a5 




1229±114 


108 


801* 134" 


70 


487 ±109^ 


43 


e828±298 




2802^871 


99 


1073*221" 


38 


966±114'' . 


34 


1823 ±43S 




1654±284 


66 


64S±d8f 


30 


267 ±81' 


15 



Injection on Day 0. On Day 1,mtC8r«ceh/eo a Eingle 
a sotutlort or uridine (5 s/tc^/day). as indicated, was 
on Day 16 aftv tumor implantation, and the tumors 
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Median duivivoi 
time (days) 



Rarge 



ofindMdUai 
^urvhrel times (nuodoo in rnedian 



200 
400 



200 
600 



200 
800 



jnooultf ed 
FUa, 



* Groups of 6 mice ei^ were __ 
mice recetved a single i.p. inlection of 
days. Anknate not reoahdng drug were 
monitored lor day of defllh, and medten 



MritM X 10^ L1310 
as irtfcated, felowed in 2^ 
itvon an equivstent votumc 
S( icv^ra* times ta«rB dctemined 



infufipon 
deciK>a$e, 



injusion 



of FUra (200 mg/kg) foflowed in 24 hr by a 5-day 
urtdine (S 9/kg/tJay), there was not as great a 
compared to 0.9% NaCI solution infusion, In the total 
bone maj-row nucleated eels per femur on Days 3, 4, 
after FUa, In addition, by Day 8. bone marrow no*^ 
tarlty had almost recovered in mice given a uridine 
contrast to a 0.9% NaQ solution infusion (82 and 49% 
control, respecttveiy). 

To detem^lne the nudaoside spedMty Of ths 
measured bone marrow nucleated cettularfty at the nat^ r 
after FUra In mice treated with a single I.p. ir^ection of 
mg/kg) foltowed in 24 hr by an infusion with dther ui 
kg/day). dThd (5 g/kg/day), or dlW (5 g/kg/day). As 
Table 3. only urWine had a sparing eff^ on bone 

3184 



with 

\ as and 10.6% 

nilmber of dThd nor diw prevented the Fl*ia-induoed depression in bone 




1, and 8 
cellu- 
in 

3f DayO 



effect, 



FUra 
urittne 



survival ttme^W 



8- 13 

7- 15 
12-16 

9- 10 

d-16 
Ml 

»-10 
14-16 

8- 16 



63 



47 
39 



$6 
46 



3y Lp. Injection on Day 0. On Day 1. 
hr by « d.e. intUBion of urkfirw for 5 
0.9% NaD sdution. Antnals were 



nudaated celt nufrteffi compared to 0.9% NaCI solution (25.0 



of Day 0 control, respectively). In contrast, neither 



mamw eel) numbers {1 3.2 and 1 6.5% of control, respectivefy). 

Effect of Uridkie. dTM, or ^rd Infusien to Rescue Mice 
from the U »thal Toxicity of RM or Fdlird. As ts the case whh 
FUra> thed^se*HmIting toxicity In nuce of FUrd or FdUrd is more 
closely related to FUra/RNA fomiatkyi than with FcUMP levels 
, we (11). We hVpoti'Msized. therefore, that iildine which revues 
(Day 4) mice from fiie lethal toxidty of FUTa (14. 15) would also be an 
(200 effective rescue agent fbr FUrd or FdlM. 
(5 g/ Treatmerjt of mice with a single lp. in]ectioi of FUrd (260 mg/ 
^hown in kg) fontwved in 24 hr by a 5<lay infuskm with uridine (1 . 5« or 1 0 
manow g/kg/day) rescued mice from the lethal toxicity of FUrd (Table 4, 
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Experiment 1). In contrast, dThd (1 . 5, cr 10 g/Kg/day) or 
(1 or 5 g/kg/day) txsth failed to rescue mice from the thai 
toxicity of a single hp. Injection of FUrd (250 mg/kg) (Tabli? 4, 
Experiments 2 arvd 3. respectivety). In the next set of ex{»er1- 
mentSt mice were treated with a single l.pi injection of FoUrd 
(1800 mg/kg) fottowed in 24 hr by a 5-day Infusion wHh eitier 
uridine, dThd, or dUrd. As can be seen (TaWe 5, Experimen : 1). 
uridlrwO, 5 or 10 g/kg/day) rescued mice from the tethal toxdty 
of FdUrd. In contrast, neither dTM (1, 5, or 10 g/kg/daj^ nor 
dlW (1 or 6 g/kg/day) (Table 5. Experiments 2 and 3, re6|)eo- 
tively) rescued mice from the lethal toxicity of FdlM. 



DISCUSSION 



In a prevk)us report from this laboratory, we 
that mice can be rescued from the lethal toxicity of a ^i€ 



demonstrated 
l.p. 



3 e 



. — » FUf« (Bay fl) SaUti* MiMan ui) 
run (My ot ixd (D4y« i-s) 




1 8 a . A 9 B 7 a 

DAYS PQUjOWNS W\Jf% MfMWtt&TTUmQH 

Cham. 8«f*al rfiangre ift the nuftibflw of ny^wied eete 
foBowhg <iwTwthefBpy. wee wwe ©Bch ti«&tod ^ 

Naa saluSDn («) was begun tfid eentinuBd for 5 4sy8> Mob \n groupQ of 4 
per Q'eatmem wem sacrtfM on mo 09y$ Micatfd, and tte 
ceia p« tomur was detsmilnod. MeB$innNnt9 wQTQ ateo nod^ 
0 oGfrtre) <x) af« 84 hr afwr R^a (200 mH/Ktf (X) gitMi^ 
nudoalM oe(ls for the paired fernor* i«ero nwragod. eftd the rnuRs 
prassod 93 the rman of 4 mioe per Ireatmertt group. Btrs, S.£. p < 
mftared to urh^ (U^ infUalort ^ ShidanTs 1 



ototalred 



Te»e3 



Trtatment 



OsyO. 
Group Kg) 



Days 1-4 



Ml 



Prig 



g/kg/ddy 



%or 
tr)l 



200 
200 
200 
200 



dTbd 
dlM 



ai.S aO^ 
2,97*0.10 ^ 
S.4S*0.13^'* 
2.88 ±000^ 
3.58 ±Q.n* 



' omupe of 4 rrte «Beh given a siri^ l4>- >niK^ of 
rr by intvi^kD wtth either 0.9% NaCt fiOlutSon. tMi6. tfThd. or dUM, a» Ind ! 
tar 3 days. Mice wara fiMrtfiood. and the number of Oiidooted oeisfkstmr 
determined. Ttv vtfuee ootam tor die paired terrm of each mo(^ - 
averaged end oonipared fio an untreated Ddy 0 oontrtf ycup. 

*Ktegn A 5£. of 4 mi ce flr e s tniBm group, 

'p<c 0.001 gompired to PUB {SCO mg/kg) ptiaOMNaCl solution Musdnkqr 

Sfi^tem'sf tB$!. _ 

aOOOl cortytf e dtoFUs(goomfl/kg)pUadlirrfintfuatanby Studpm^a 

'p<0^i coAipared to FUd (200 ma/Kg9 pAs 0.9% NaCl aotutkm inftiston by 
Stjdenrsitsst 
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nu^^atad 
Time 
of 
ex- 
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00(V 
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1«v5 
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Modi 



J^tumor Selectivity of FUra piu$ Uridine Rescue 

i 

I Tatte4 
srr&^ctmfusion i^Hh urkiine, ifThti, or dUra to rosctjo mioB from tho teutoi 
i toxIdiY of fUni 



2£|0 
2S0 
2^0 
26^0 



290 
2^ 



2&Q 



Oays 

dnig(g/kg/ 
day) 


Indvfdua] day8 Of 
death 


Qay-^ survl- 
vers/total 
treated" 


Uridine 








d.a9,iO. 13 


^(! 


1 


did. 17 




5 


6, 10 


4/6 


10 


10 


6/6 


dTW 








8, 9, 9.10.11.11 


0/6 


1 


8.9, 9.10.13. 14 


0/6 


5 


6. 6.9.10.12.15 


0/6 


10 


6, 6, 6, 6, 7t a 


0/6 










6. G. 7. 7. d, 6 


0/5 


1 . 


6,7. 7.6.9, 9. 


0/6 


5 


6, 7. a. 9.13 


1/fl 



' Groups of 6 mlc^ each wars given & s^igle l.p. iniootion of FUd followed fn 24 
hr by MuSion wRh 0.9% NaCI solution, urtdhe. dThd. or dUrd as Irxficated for 9 
aays. Sun^fvgrs ward monitored daiy for 30 days attefFlW treatment 



j TaDlo6 
Efifocf 0/ {nty^ion jiwm </Thdf. or dUrd fo rescue m«» flflom tfta /wha; 



fcMicJy of fdUfd 



Ttaatmnt 



Expen* 



OayO, drug 



1|800 
1S00 
iSOQ 

ipoo 
mo 

1600 
t600 
l|600 

fliUfd 

leoo 

1600 



Days 1-5. 
dnjg(g/k9/ 
day) 


individua) days of 
death 


Day 30*3urvf 
vor^/totai 
trvated" 










6, 7, 7,10 


2/6 


^ 




6/6 


5 


6 


5/6 


10 


6 


S/& 


dThd 








6, 7.8.8, 10.11 


0/6 


1 


7. 8.8.11.11 




s 


r. 6. 6. 8.12 


1/6 


10 


6. 8. 6.10, 11 


1/6 


dUfd 








7. 7. 8. 6. 9. to 


0/B 


1 


7.6. 8.9. 10 


1/6 


6 


7.7, 0,10. 12 


1/6 



' ^0(ps of 6 mice each given single ip. tf^aetions of Fd\M iolowed m 
24 f» by infusion vw« e«her 0.9% Naa sowion. irtdhe. dThd, or dUM, as 
for 6 dayo. Survivor^ wero monftoreo for 30 days after FdUd tr^atmem. 

injecttcm of FUli with a uridine infu^ begun 24 hr after FUra 
ahd continued fdr 5 days, m contrast, infusiorw with either dTTid 
or dUrdf^t^ rescue mice from the tethal toxicity of FUra (14. 
15). These exoerfnr«nts led us to examine whether delayed 
Infusion with uAdlne could increase the therapeutic efficacy of 
FUra against tilrmor-k)earin9 mice. The resutts reported herein 
demonstraie thhx uridine resctie Increased tf^ therapeutic Index 
of FUa against tf^e mouse B16 melanoma. The use of uii<lne 
rescue allowedja pot^tiaify lethal dose of FUa to be edniini9- 
tered, and while host toxicity was eubstant^ly reduced, the 
antitumor actioh of FUra was retained. The therapeutic superf 
orfty of hlgh-dc|$e Ft>B ptus uridine rescue was related to the 
fact that the maximum tolerated dose of FUb. when given alone, 
failed to inhibit the growth of the 616 nrtatartoma, whereas hlgh- 
6ose FUra ptusfurldlne rescue resulted in slgn^icM inhibition of 
tumor growth. The biochemical and/or phamiacoiogictf tsasts by 
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whk^ 



against 



we 
th© 

.1210 
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not 
L1210 

rUra Is 
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lelated 
iritBreSt 
{3ALB/ 
26 
iby re- 
m)rato 
in 

devance 
r|iarfced 
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tufwl 



wweri uridine aDovre for selective rescue of host, normal 
from FUra retention of antitumor acBvlty is. howev^, 
dear. 

tn contrast to the increased therapeutto effect 
Qchleved with Ngh-dose FUra piufi uridine rescue 
B16 mejanoma, the $ame dosage schedutes afforded r\o 
tege against the nnouse L1210 leukemia. Although the 
feukemia mponded to higMose FUra plus uridine 
percemage of IL8 was not greater than that whkA wse 
with the optimal dose of FUra alone. It Is not apparent, 
time* as to why higrhdose FUa plus urfdine rescue 
resim In a therapeutic advantage against the mouse 

There is conskierabte evidence that the cytotoxk:ity of 
relBted to FUm/RfsIA fomiatton (19). For exampte. the 
siveness of several animal and human tumors to FUra Is 
to Hs incofporattor^ into RNA (4, 12» 17). It is of partksular 
that Martin ef a/. (20) reported recently that treatmer^ of 
c X 0&A/2 ^1 niice beartng the advanced solid ook>n 
with Fl>a plus delayed administratkMi of urkflne given 
peated injec^on) allows the maximum tolerated dose of 
be doubled v^hout increasing host toxk^ity, thereby resulting 
knproved antitumor a^vity. In addition. ^Ir biochemical 
hdicate that urf<^ rescue results in a relativefy f^r ' 
of FUa from bone marrow RfJA and tumor RNA arKl a 
increa^ in the rate of recovery of DNA synthesis onty 
bone marrow. 

Pyfimidine nucleoside kinases aRow both norma) and 
cells to salvage drcutating nudeostd^ such as urttsne, 
dUd (3. 18. 22). TT>e activity of uridine/cytidine kina^ 
27.t.4a)r the rate^imiting enzynra for the utilization of 
varies differsit tumor tines (24) and even, to some 
witMn a series of human tumors (1. 2). ThuSt even in a 
where the predominant effect of FUra is dw to FU^^/^NA, 
dff^rences In the utiiization of uridbne tn tumor as 
normal host tissues might allow for a selective antitumor 

The organ systems most susceptible to f Ua toxtdty 
gastrointesHnal tract and the bone marrow (d). In order 
uridine rescue fnom the iettml toxidty of FUra correlate|d 
effects again^ a sensitive nonnal tlBsue* we monitored 
effects of FUra on bone manow nucleated cellularity, 
that the abOity of urkiine to rescue mice from the leth^ i 
of FUra correlated with Its sparing effect on the extent 
FUMnduced depression in bone marrow ceil nuirtbers. 
add^k^ there was a more rapid recovery to pretreatment 
Furthemwre, ^e spedftoity of uHdine, as compared to 
dUd. to rescue trSce irom the lethal toxicity of FUra 
with the protective effect on the Fum^induoed 
bone marrow celkilarity u^ik>h oocunred wim the i^ldlne, 
dThd or dUd, mfuskm. Martin et al, (20) repc^ 
(topre^ion in WBC of mice given a single dose of FUra 
as great after urfdine reecue. 

Our prevtous observations that urfdine, but not dThd 
rescues mice from the lemal toxidty of FUa (14, 15) 
been extended to the related euoHnated pyrimMines, 
FdUrd. Our studies with FUrd and FdlM in normal mice 
that, as with FUra. It may be possatie to ^tcrease the theriipeutic 
effMivmss of these antfmetabofite nudeosMes against [tumor- 
bearing mk:e by the use of yrtdine rescue. 
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